Effects of the gradient magnetic field on the OH radical distribution in a hydrogen-oxygen inverse diffusion flame were investigated by using the laser-induced fluorometry. Since the mass density and magnetic susceptibility of O2 gas are much larger than those of other chemical species, the O2 gas existing both inside and outside the flame is strongly affected by the magnetic force. The results of the laser-induced fluorescence (LIF) measurements clearly demonstrated as two-dimensional images the slight change in the OH fluorescence intensity distribution in the flame. Particularly inside the flame, the influence of the magnetic force acting on the O2 gas provided from the burner was detected by the LIF measurements.
Introduction
Currently, it is known that the magnetic field affects the shape, temperature and OH radical distribution of flames.1-3) Main reasons of these phenomena include the magnetic force acting on chemical species existing near the flame. Nonconductive and paramagnetic substances (OH and O2 etc,) in a gradient of magnetic field are influenced by the magnetic force, other than the Lorentz force to ionic species (ions and free electrons). The magnetic force per unit volume acting on chemical species i, Fi, is expressed by the following equation :4) where ƒÊ0
is the magnetic permeability of vacuum, ƒÏ region of 0.5<z<2, and increases in the region of z> 2. On the other hand, it is found from Fig. 5 that the OH fluorescence intensity shifts to the center axis of the flame. These results indicate that the entrainment air flow induced by the magnetic force at the flame bottom slenderize the flame shape. Furthermore, since the chemical reaction at the flame bottom is vitalized by the entrainment of fresh air, the OH fluorescence intensity slightly increases in the region of z<0.5 in Fig. 4 .
Next, Fig. 6 shows the change in the (r,z)-plane distributions of the OH fluorescence intensity induced by the magnetic field. These distributions were respectively prepared by subtracting the distri- 7(a) is slightly larger than that of Fig. 7(b) . This difference is probably due to the difference in the amount of O2 inside the flame. Since the O2 gas in the surrounding air is attracted toward the larger magnetic flux density, it flows in the upstream direction of the flame by the magnetic force, as illustrated in Fig. 8 . In this figure, the white arrows show the air and gas flows, and the monochrome gradation of background stands for the magnitude of the magnetic flux density. In the region near the flame bottom, the surrounding air including a large amount of O2 gas is entrained inside the flame. Consequently, this entrainment air flow around the flame bottom causes the change in the flame shape, and therefore that in the OH fluorescence distribution in the downstream region of the flame. Here, the direct influence of the magnetic field on the chemical reactions is ignored referring to the experimental work by Mizutani et al., 11) and the shift of the chemical reaction zone causes the apparent change in the OH fluorescence distribution. This physical mechanism was already clarified in our previous numerical simulation for a hydrogen-oxygen normal diffusion flame.9) In case of the inverse flame, however, the magnetic force acts also on the pure O2 gas in the center region of the flame, not only on the surrounding air containing the O 2 gas. Considering this force in the upstream direction, the flow velocity of the O2 gas provided from the burner decelerates, as shown by the broken-and solid-line arrows inside the flame in Fig. 8 , and then, this upstream-direction magnetic force prevents the entrainment air flow around the flame bottom. Therefore, the magnetically induced change in the OH fluorescence intensity in the inverse flame becomes smaller than that in the normal flame. Furthermore, in both cases of Figs. 7(a) and (b), the magnetic force of the same magnitudes acts on the O2 gas in the surrounding air. However, the force acting on the O2 gas inside the flame in Fig. 7(b) is different form that in Fig. 7(a) , because the amount of O2 provided from the inside nozzle of the coaxial-type burner is different. Consequently, in case of Fig. 7 (b), the upstream-direction magnetic force is relatively large inside the flame, and therefore, the magnetically induced change in the OH fluorescence intensity in Fig. 7 (b) becomes smaller than that in Fig.  7(a) . As a result, it was experimentally clarified that the magnetic force acting on the O2 gas inside the inverse flame also influenced the spatial distribution of OH radicals, and the magnitude of the change depended on the flow rate of the pure O2 gas provided from the inner nozzle of the burner.
Conclusions
In this study, we attempted to measure the change in the OH fluorescence intensity caused by the magnetic force for a hydrogen-oxygen inverse diffusion flame. From the two-dimensional distributions of the intensity change, the influence of the magnetic force was visualized by the LIF. Due to the entrainment air flow induced by the magnetic force acting on the O2 gas in the surrounding air, the high density regions of OH radicals axisymmetrically shifted in the direction of the central axis of the flame, as already shown in our previous study for the normal flame. However, in case of the inverse flame dealt with in this study, the influence of magnetic force acting on the pure O2 gas in the center region of the flame was also evident from the results of the LIF measurements, and the magnitude of the magnetically induced change in the OH distribution depended on the amount of the pure O 2 gas inside the flame. Such characteristics of the inverse flame are qualitatively different from those of the normal flame, and give a new and suggestive knowledge to explore a possibility of combustion control by the magnetic force.
